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Foreword 

In  the  course  of  the  project,  our  research  has  spanned  over  several  areas  encompassing  theoretical,  numerical 
and  phenomenological  aspects  of  stably  stratified  atmospheric  boundary  layers  (SBLs).  We  have  laid  a  solid 
foundation  for  studying  stably  stratified  turbulence  in  the  framework  of  a  Quasi-Normal  Scale  Elimination 
theory  (QNSE)  developed  by  us.  We  consider  the  QNSE  theory  as  a  major  breakthrough  in  this  field.  Being 
maximally  proximate  to  the  first  principles,  the  theory  penetrates  very  deeply  into  the  physics  of  anisotropic 
turbulence  and  turbulence-wave  interaction  yet  its  calculations  can  be  carried  out  analytically  almost  to  the  final 
results.  We  have  performed  initial  analytical  exploration  of  the  new  theory  and  implemented  it  in  Reynolds- 
averaged,  Navier-Stokes  (RANS)  models  whose  predictions  agree  well  with  data  collected  in  BASE  and 
SHEBA  campaigns.  In  addition,  we  investigated  non-local  features  of  stable  planetary  boundary  layers  (PBLs) 
caused  by  semi-organized  structures  overlooked  in  traditional  boundary-layer  meteorology  and  in  PBL  schemes 
currently  used  in  atmospheric  models.  Theoretical  developments  focused  on  basic  length  scales  characterizing 
semi-organized  structures  and  corresponding  revision  of  classical  similarity  theory,  PBL  depth  equations,  and 
bulk  resistance  and  heat/mass  transfers  laws. 

Statement  of  the  problem  studied 

One  of  the  main  theoretical  goals  of  this  research  was  an  extensive  exploration  of  the  physical  principles  and  the 
promising  potential  of  the  new  spectral  method  -  the  QNSE  theory  -  as  applied  to  stably  stratified  flows  in 
general  and  PBLs  in  particular.  Among  the  most  important  practical  goals  was  the  implementation  of  the 
QNSE  theory  at  the  level  of  RANS  models;  their  testing  against  other  models  and  data  and  producing 
practically  viable  and  significantly  improved  Reynolds  stress  and/or  k-s  models  of  SBLs. 

Other  goals  included:  combining  the  new  models  with  the  models  non-local  in  physical  space  and  validating 
them  via  comprehensive  comparison  with  experimental  data.  Here,  the  emphasis  was  put  on  strong  stability 
regimes,  which  are  basically  outside  the  concern  of  the  classical  theories. 

Summary  of  the  most  important  results 

The  theoretical  development  of  the  QNSE  theory  has  been  mostly  completed.  Among  other  results,  it  yielded 
the  dispersion  relation  for  internal  waves  in  the  presence  of  turbulence;  the  internal  wave  frequency  shift,  and 
the  criterion  of  internal  wave  generation  in  the  presence  of  turbulence.  These  results  are  unique  to  our  theory 
and,  to  the  best  of  our  knowledge,  have  been  derived  analytically  for  the  first  time.  Various  one-dimensional 
spectra  have  been  calculated  analytically  and  the  transition  from  the  Kolmogorov  -5/3  regime  to  the 
stratification-dominated  -3  regime  has  been  confirmed.  The  coefficient  in  the  N  k'  regime,  rigorously  derived 
in  our  theory,  is  in  excellent  agreement  with  the  one  found  in  LES.  In  addition,  new  expressions  for  horizontal 
and  vertical  eddy  viscosities  and  eddy  diffusivities,  explicitly  accounting  for  the  combined  effect  of  turbulence 
and  internal  waves,  have  been  obtained. 

Although  the  QNSE  theory  is  quite  complicated,  its  representation  of  the  eddy  viscosity  and  eddy  diffusivity  are 
simple  enough  to  be  readily  implemented  in  computational  schemes.  Results  of  one-column  simulations 
employing  the  QNSE  model-based  turbulent  mixing  parameterizations  were  tested  against  the  data  collected  in 
SBLs  over  sea  ice  (BASE  and  SHEBA  campaigns)  and  shown  to  exhibit  improved  accuracy.  In  parallel,  we 
have  investigated  non-local  features  of  stably  stratified  turbulent  PBLs  caused  by  semi-organized  structures 
overlooked  in  the  traditional  context  of  boundary-layer  meteorology  and  consequently,  in  parameterization 
schemes  currently  used  in  climate,  weather  prediction  and  meso-scale  models.  Here,  the  new  theoretical 


developments  addressed  basic  length  scales  of  turbulence,  in  particular  those  characterizing  semi-organized 
structures;  advanced  diagnostic  (equilibrium)  and  prognostic  PBL  depth  equations;  advanced  PBL  bulk 
resistance  and  heat/mass  transfers  laws  expressing  the  surface  fluxes  through  external  parameters.  We 
introduced  new  concepts  of  long-lived  stable  PBLs  (as  distinguished  from  the  nocturnal,  or  short-lived  PBL, 
which  was  the  only  concern  of  the  traditional  theory  of  stable  PBLs)  and  conventionally  neutral  PBLs  (namely, 
the  PBLs  with  zero  buoyancy  flux  at  the  surface  developing  against  stably  stratified  free  atmosphere).  Through 
theoretical  analysis  supported  by  LES  and  experimental  studies,  we  have  demonstrated  strong  effect  of  the  free¬ 
flow  stability  and  baroclinicity  on  the  key  properties  of  long-lived  stable  and  conventionally  neutral  PBLs.  This 
work  resulted  in  principal  revision  of  the  essentially  local  Monin-Obukhov  similarity  theory,  universally 
accepted  over  half  a  century  (since  1954).  The  newly  proposed  theory  accounts  for  non-local  mechanisms 
driven  by  semi-organized  structures  and  employs,  besides  the  classical  Monin-Obukhov  length  scale,  the  free¬ 
flow  stability  scale  and  the  rotational  scale.  These  developments  open  new  opportunities  for  improved 
parameterization  of  stable  PBLs  in  a  range  of  environmental  models.  Recall  that  the  Monin-Obukhov  similarity 
theory  underlies  all  surface-flux  parameterization  schemes  currently  employed  in  operational  models,  which 
causes  considerable  errors  in  calculations  of  surface  fluxes  in  strongly  stable  stratification  (this  problem  was 
emphasized  in  the  recent  NOAA  report  on  the  present  state  of  atmospheric  modeling). 

Among  other  fundamental  and  innovative  results  from  this  project  is  the  conclusion  about  the  absence  of 
the  critical  Richardson  number.  On  the  one  hand,  this  result  follows  directly  from  the  QNSE  theory;  on  the 
other,  a  new,  non-local  surface  layer  model  developed  in  this  study  have  explained  why  and  how  developed 
turbulence  is  maintained  close  to  the  surface  at  very  large  (“supercritical”)  Richardson  numbers. 

We  have  also  explored  analogies  between  internal  waves  and  Rossby  waves  and  between  horizontal 
layering  and  generation  of  systems  of  quasi-one-dimensional  zonal  jets  in  flows  dominated  by  stable 
stratification  and  beta-effect,  respectively. 


(6)  Listing  of  all  publications  supported  under  this  grant 

(a)  Papers  published  in  peer-reviewed  journals 

Galperin,  B.,  H.  Nakano,  H.-P.  Huang,  and  S.  Sukoriansky,  2004:  The  ubiquitous  zonal  jets  in  the  atmospheres 
of  giant  planets  and  Earth’s  oceans.  Geophys.  Res.  Lett.,  31,  L13303,  doi:10.1029/2004GL019691. 

Hassid,  S.,  Galperin,  B.,  2004:  A  comment  on  the  Cheng,  Canuto  and  Howard  "An  improved  model  for  the 
Turbulent  PBL,"  J.  Atmos.  Sci.,  61,  1 197-1199. 

Sukoriansky,  S.,  Galperin,  B.,  Staroselsky,  I.,  2003:  Cross-terms  and  s-expansion  in  RNG  theory  of 
turbulence,  Fluid Dyn.  Res.,  33,  319-331. 

Sukoriansky,  S.,  Galperin,  B.,  Dikovskaya,  N.,  2002:  Universal  spectrum  of  two-dimensional  turbulence  on 
rotating  sphere  and  some  basic  features  of  atmospheric  circulations  on  giant  planets,  Phys.  Rev.  Lett.,  89, 
124501-4. 

Zilitinkevich,  S.,  Baklanov,  A.,  Rost,  J.,  Smedman,  A.-S.,  Lykosov,  V.,  and  Calanca,  P.,  2002:  Diagnostic  and 
prognostic  equations  for  the  depth  of  the  stably  stratified  Ekman  boundary  layer.  Quart,  J.  Roy.  Met.  Soc., 
128,  25-46. 

Zilitinkevich,  S.,  2002:  Third-order  transport  due  to  internal  waves  and  non-local  turbulence  in  the  stably 
stratified  surface  layer.  Quart,  J.  Roy.  Met.  Soc.,  128,  913-925. 

Soomere  T.,  and  Zilitinkevich,  S.S.,  2002:  Supplement  to  “Third-order  transport  due  to  internal  waves  and  non¬ 
local  turbulence  in  the  stably  stratified  surface  layer”.  Quart,  J.  Roy.  Met.  Soc.,  128,  1029-1031. 

Zilitinkevich,  S.S.,  Perov,  V.L.,  and  King,  J.C.,  2002:  Near-surface  turbulent  fluxes  in  stable  stratification: 
calculation  techniques  for  use  in  general  circulation  models.  Quart,  J.  Roy.  Met.  Soc.,  128,  1571-1587. 

Zilitinkevich,  S.S.,  and  Baklanov,  A.,  2002:  Calculation  of  the  height  of  stable  boundary  layers  in  practical 
applications.  Boundary-Layer  Meteorol.  105,  389-409. 

Zilitinkevich  S.  S.,  and  Esau,  I.  N.,  2002:  On  integral  measures  of  the  neutral,  barotropic  planetary  boundary 
layers.  Boundary-Layer  Meteorol.,  104,  371-379. 


Zilitinkevich  S.  S.,  and  Esau,  I.  N.,  2003:  The  effect  of  baroclinicity  on  the  depth  of  neutral  and  stable  planetary 
boundary  layers.  Quart,  J.  Roy.  Met.  Soc.,  129,  3339-3356. 

Zilitinkevich  S.,  Esau  I.  and  Baklanov  A.,  2005:  Atmospheric  boundary  layers  in  storms:  advanced  theory  and 
modelling  applications.  Advances  in  Geosciences.  2,  1-3. 

(b)  Papers  published  in  non-peer-reviewed  journals  or  in  conference  proceedings 

Baklanov  A.,  Mestayer  P.,  Clappier,  Zilitinkevich,  S.S.,  Joffre  S.,  Mahura  A.  and  Nielsen,  N.  W., 
“Parameterization  of  urban  atmospheric  sub-layer  in  meteorological  models:  FUMAPEX  project 
achievements”  (presented  by  A.  Baklanov).  Abstracts  of  Presentations  at  4th  Annual  Meeting  of  the 
European  Meteorological  Society ,  Nice,  France,  26-30  September  2004. 

Galperin,  B.,  Sukoriansky,  S.,  and  Perov,  V.,  “A  coarse-grain,  quasi-nonnal  model  of  stably  stratified  turbulent 
flows  and  its  implementation  in  K-s  modeling  of  atmospheric  SBLs.”  Portland,  ME:  American 
Meteorological  Society,  2004. 

Galperin,  B.,  Sukoriansky,  S.,  and  Nakano,  H.,  “Anisotropic  large-scale  turbulence  on  giant  planets  and  in  the 
ocean.”  Warsaw,  Poland:  XXI  International  Congress  of  Theoretical  and  Applied  Mechanics,  August, 
2004. 

Galperin,  B.,  Sukoriansky,  S.,  and  Nakano,  H.,  “Anisotropic  turbulence  and  zonal  jets  in  the  ocean,  giant 
planets  and  computer  simulations.”  Columbia  University,  New  York:  CMG2004:  25th  IUGG 
Conference  on  Mathematical  Geophysics,  June,  2004. 

Galperin,  B.,  Sukoriansky,  S.,  and  Perov,  V.,  “Spectral  modeling  of  internal  waves  and  turbulence  and  its 

application  in  simulations  of  turbulent  flows  with  stable  stratification.”  Columbia  University,  New  York: 
CMG2004:  25th  IUGG  Conference  on  Mathematical  Geophysics,  June,  2004. 

Galperin,  B.,  Sukoriansky,  S.,  and  Staroselsky,  I.,  “A  quasi-normal  model  of  turbulent  flows  with  stable 
stratification.”  Cambridge,  UK:  Isaac  Newton  Institute,  November,  2003. 

Galperin,  B.,  Sukoriansky,  S.,  and  Dikovskaya,  N.,  “Spectral  characteristics  of  zonal  flows  on  giant  planets.” 
New  Orleans,  Louisiana:  33rd  Annual  Meeting,  Division  for  Planetary  Sciences,  American 
Astronomical  Society,  2001. 

Maderich,  V.,  Nesterov,  O,  and  Zilitinkevich,  S.S.  “The  Influence  of  Different  Parameterisations  of 
Meteorological  Forcing  and  Turbulence  Schemes  on  Modelling  of  Eutrophication  Processes  in  a  3-D 
Model  of  Estuary”  (presented  by  V.  Maderich).  11th  International  Biennial  Conference  on  Physics  of 
Estuaries  and  Coastal  Seas  -  Extended  Summaries,  Hamburg,  Gennany,  17-20  September  2002. 

Perov,  V.,  Zilitinkevich,  S.,  and  Ivarsson,  K.-I.,  (presented  by  V.  Perov)  “Implementation  of  a  new 
parameterization  of  the  surface  turbulent  fluxes  for  the  stable  stratification  in  NWP  model  HIRLAM”. 
27th  EGS  General  Assembly,  Nice,  France,  21-26  April  2002. 

Sukoriansky,  S.,  Galperin,  B.,  and  Perov,  V.,  “A  new  spectral  closure  model  of  turbulent  flows  with  stable 

stratification  and  its  application  to  atmospheric  SBLs.”  Warsaw,  Poland:  XXI  International  Congress  of 
Theoretical  and  Applied  Mechanics,  August,  2004. 

Sukoriansky,  S.,  Galperin,  B.,  and  Perov,  V.,  “Anisotropic  turbulence  and  waves  in  large-scale  geophysical 
flows.”  Tel- Aviv,  Israel:  Israel  Society  of  Theoretical  and  Applied  Mechanics  (ISTAM2003),  2003. 

Sukoriansky,  S.,  Galperin,  B.,  and  Perov,  V.,  “A  spectral  closure  model  for  turbulent  flows  with  stable 

stratification  -  theory  and  a  test  case  of  atmospheric  SBL.”  Haifa,  Israel:  The  29th  Israel  Conference  on 
Mechanical  Engineering,  2003. 

Sukoriansky,  S.,  Galperin,  B.,  and  Perov,  V.,  “Application  of  a  new  spectral  theory  of  stratified  turbulence  to 
ABL  over  ice.”  Mallorca,  Spain:  GEWEX  Atmospheric  Boundary  Layer  Study  (GABLS)  Workshop, 
September,  2003. 

Sukoriansky,  S.,  Galperin,  B.,  and  Perov,  V.,  “A  spectral  closure  model  for  turbulent  flows  with  stable 

stratification  -  theory  and  a  test  case  of  atmospheric  SBL.”  Technion  -  Haifa,  Israel:  Department  of 
Mechanical  Engineering,  Technion,  Israel,  2003. 

Zilitinkevich,  S.S.,  and  Esau,  I.,  “The  effect  of  baroclinicity  on  the  depth  of  neutrally  stratified  Ekman  boundary 
layer”.  27th  EGS  General  Assembly,  Nice,  France,  21-26  April  2002. 


Zilitinkevich,  S.S.,  Esau  I.N.,  Baklanov,  A.  and  Djolov,  G.,  “Resistance  laws  for  stable  baroclinic  boundary 
layers”.  27th  EGS  General  Assembly,  Nice,  France,  21-26  April  2002. 

Zilitinkevich,  S.S.,  and  Esau,  I.,  Baroclinic  Ekman  layer.  15th  Symposium  on  Boundary  Layers  and  Turbulence 
-Preprint  Volume,  15-19  July  2002,  Wageningen,  The  Netherlands,  AMS,  622-623,  2002. 

Zilitinkevich  S.S.,  Non-local  features  of  stably  stratified  boundary  layers.  In:  Problems  of  Atmospheric 
Boundary-layer  Physics  and  Air  Pollution  (To  the  80th  Birthday  of  Professor  M.  E.  Berlyand,  edited  by  S. 
S.  Chicherin).  Hydrometeoizdat,  St.Petersburg,  157-170,  2002. 

Zilitinkevich  S.S.,  Esau,  I.,  Baklanov,  A.,  Djolov,  G.,  “Scaling  laws  and  turbulence  closures  for  stable  boundary 
layers”  (solicited  paper,  presented  by  A.  Baklanov).  27th  EGS-AGU-EUG  Joint  Assembly,  Nice,  France,  6- 
1 1  April  2003.  CD-ROM  “Geophysical  Research  Abstracts”,  Volume  5,  2003. 

Zilitinkevich,  S.S.,  Baklanov,  A.,  Bornstein,  R.,  Hunt,  J.C.R.,  and  Mestayer,  P.,  “Modelling  and  prediction  of 
urban  climate”.  World  Climate  Change  Conference  -  Extended  Abstracts,  Moscow,  Russia,  29  September 
-  3  October  2003. 

Zilitinkevich,  S.S.,  “Current  problems  of  stable  boundary  layer  modeling”  (invited  lecture).  Proceedings  of  the 
Baltic  PlIRLAM  Workshop  on  atmospheric  fine  scale  and  boundary-layer  modeling  (St.Petersburg, 
Russia,  16-20.1 1.2003).  FMI  (Finnish  Meteorological  Institute),  Helsinki,  Finland,  2003. 

Zilitinkevich,  S.S.,  Baklanov,  A.,  Esau,  I.N.,  and  Petrosyan,  A.S.  “Non-local  features  of  the  atmospheric  long- 
lived  stable  boundary  layers”.  Abstracts  of  Presentations  at  4th  Annual  Meeting  of  the  European 
Meteorological  Society,  Nice,  France,  26-30  September  2004. 

Zilitinkevich,  S.S.,  Esau,  I.N.,  Baklanov,  A.,  “Atmospheric  boundary  layers  in  storms:  advanced  theory  and 
modelling  applications”  (solicited  paper).  Extended  Abstracts  -  6th  Plinius  Conference  on  Mediterranean 
Storms  (European  Geosciences  Union).  Genoa  -  Naples  -  Palermo  -  Palma  de  Mallorca  -  Barcelona  - 
Marseille,  17-24  October  2004. 

Zilitinkevich,  S.S.,  “What  do  we  need  from  experiments  to  better  model  physical  processes  in  stable  boundary 
layers?”  CD-ROM  “ Extended  abstracts  -  Sodankyla  Seminar  on  Stable  Boundary  Layers”.  Finnish 
Meteorological  Institute,  Finland,  30-31  August  2004. 

(c)  Papers  presented  at  meetings,  but  not  published  in  conference  proceedings 

Galperin,  B.,  Sukoriansky,  S.,  Nakano,  H.,  and  Huang,  H.-P.,  “On  the  non-linear  nature  of  the  subsurface  zonal 
currents  in  the  north  Pacific  ocean.”  Nice,  France:  EGU  1st  General  Assembly,  April,  2004. 

Galperin,  B.,  Sukoriansky,  S.,  and  Perov,  V.,  “A  new  K-s  model  of  stably  stratified  atmospheric  boundary 
layers.”  Nice,  France:  EGU,  1st  General  Assembly,  April,  2004. 

Galperin,  B.,  Sukoriansky,  S.,  and  Perov,  V.,  “A  new  model  for  turbulent  flows  with  stable  stratification.” 
Meadowland,  NJ:  The  American  Physical  Society  56th  Annual  Meeting  of  the  Division  of  Fluid 
Dynamics,  November,  2003. 

Galperin,  B.,  “Universal  spectrum  of  two-dimensional  turbulence  on  rotating  sphere  and  basic  features  of 

atmospheric  circulations  on  giant  planets.”  Nice,  France:  the  27th  General  Assembly  of  the  European 
Geophysical  Society,  April,  2002. 

Galperin,  B.,  “Spectral  characteristics  of  zonal  flows  on  giant  planets.”  Brussels,  Belgium:  7th  CARTUM 
Meeting,  2001. 

Sukoriansky,  S.,  Galperin,  B.,  and  Perov,  V.,  “Application  of  a  new  spectral  theory  of  turbulence  to  a  stably 
stratified  atmospheric  boundary  layer  .  Nice,  France:  EGS-AGU-EUG  Assembly,  April,  2003. 

Sukoriansky,  S.,  and  Galperin,  B.,  “RPT  analysis  of  turbulent  flows  with  stable  stratification."  27th  EGS  General 
Assembly,  Nice,  France,  21-26  April,  2002. 

Sukoriansky,  S.,  and  Galperin,  B.,  “RPT  analysis  of  turbulent  flows  with  stable  stratification.”  Nice,  France:  the 
27th  General  Assembly  of  the  European  Geophysical  Society,  April,  2002. 

Sukoriansky,  S.,  and  Galperin,  B.,  “A  closer  look  at  wave-turbulence  interactions  in  stably  stratified  flows.” 
Brussels,  Belgium:  7th  CARTUM  Meeting,  2001. 

Zilitinkevich,  S.S.,  Esau,  I.N.,  Baklanov,  A.,  “Non-local  feature  of  atmospheric  stable  boundary  layers”.  All- 
Russian  Conference  on  Climate  Change  in  XXL  Century:  Modern  Trends,  Prognostic  Scenarios,  and 
Impact  Assessments,  St.Petersburg,  Russia,  16-18  September  2005. 


Zilitinkevich,  S.S.,  “Non-local  features  of  stably  stratified  turbulent  boundary  layers”,  “The  influence  of  large 
convective  eddies  on  the  surface  later  turbulence”  (invited  lectures).  International  Workshop  “Wall- 
Bounded  and  Free-Surface  Turbulence  and  its  Computation.  National  University  of  Singapore,  20-23 
December  2004. 

Zilitinkevich,  S.S.,  Esau,  I.N.,  Baklanov,  A.,  “Stably  stratified  turbulent  boundary  layers:  the  nature,  the  theory 
and  possible  applications  to  sediment  transport  problems”.  4th  International  Symposium  on  Environmental 
Hydraulics  (ISEN)  and  14th  Congress  of  the  Asia  and  Pacific  Division  of  the  International  Association  for 
Hydraulic  Engineering  and  Research  (IAHR-APD),  Hong  Kong,  15-18  December  2004. 

Zilitinkevich,  S.S.,  Esau,  I.N.,  “Resistance  and  heat  transfer  laws  for  stable  and  neutral  planetary  boundary 
layers”.  Turbulence  and  Waves  Conference,  Lighthill  Institute  of  Mathematical  Sciences,  University 
College  London,  13-15  September  2004. 

Zilitinkevich,  S.S.,  “Geophysical  turbulent  boundary  layers”  (6-hour  lecture  course).  Advanced  Study  School 
“Non-linear  Processes  in  Marine  Sciences”,  Hageri,  Estonia,  12-19  October  2003. 

Zilitinkevich,  S.S.,  "Geophysical  stable  boundary  Layers  -  non-local  theory  and  parameterisation"  (invited 
lecture).  GEWEX  Atmospheric  Boundary  Layer  Study  (GAELS)  Workshop,  Mallorca,  Spain,  September 
22-25,2003. 

Zilitinkevich,  S.S.,  “Atmospheric  Boundary-layer  Models”  (invited  lecture).  2nd  Hiiumaa  Symposium  and 
Summer  School  “Marine  Hydrodynamic  and  Ecosystem  Modelling” ,  Hiiumaa,  Estonia,  22-26  July  2002. 

Zilitinkevich,  S.S.,  “Modelling  and  Parameterization  on  of  Turbulent  Transport  in  Stable  Stratification”  (invited 
lecture).  NATO  Advanced  Research  Workshop  “ Air  Pollution  Processes  in  Regional  Scale”,  Halkidiki, 
Greece,  13-15  June  2002. 

Zilitinkevich,  S.S.,  “Planetary  boundary  layers  (PBLs):  classical  theory,  recent  developments  and  improved 
parameterization”  (invited  lecture).  Conference  on  Current  Efforts  towards  Advancing  the  Skill  of 
Regional  Weather  Prediction:  Challenges  and  Outlook,  The  Abdus  Salam  International  Centre  for 
Theoretical  Physics,  Trieste,  Italy,  17-19  April  2002. 

(d)  Manuscripts  submitted  but  not  published 

Galperin,  B.,  Sukoriansky,  S.,  2005:  Energy  spectra  and  zonal  flows  on  beta-plane,  rotating  sphere,  and  giant 
planets.  In:  Marine  Turbulence  -  Theories,  Observations  and  Models.  Results  of  the  CARTUM  Project, 
Cambridge  University  Press,  in  press. 

Mauritsen  T.,  Svensson  G.,  Zilitinkevich  S.  S.,  Enger  L.,  and  Grisogono  B.,  2004:  Energy-similarity  -  a  new 
turbulence  closure  model  for  stably  stratified  atmospheric  boundary  layers.  Submitted  to  J.  Atmos.  Sci. 

Sukoriansky,  S.,  Galperin,  B.,  2005:  A  spectral  closure  model  for  turbulent  flows  with  stable  stratification.  In: 
Marine  Turbulence  -  Theories,  Observations  and  Models.  Results  of  the  CARTUM  Project,  Cambridge 
University  Press,  in  press. 

Sukoriansky,  S.,  Galperin,  B.,  2005:  Subgrid-  and  supergrid-scale  parameterization  of  turbulence  in  quasi-two- 
dimensional  barotropic  flows  and  the  phenomenon  of  negative  viscosity.  In:  Marine  Turbulence  - 
Theories,  Observations  and  Models.  Results  of  the  CARTUM  Project,  Cambridge  University  Press,  in 
press. 

Sukoriansky,  S.,  Galperin,  B.,  and  Perov,  V.,  2005:  Application  of  a  new  spectral  theory  of  stably  stratified 
turbulence  to  atmospheric  boundary  layer  over  sea  ice.  Boundary-Layer  Meteorol,  in  press. 

Sukoriansky,  S.,  Galperin,  B.,  and  Staroselsky,  I.,  2005:  A  quasi-nonnal  scale  elimination  model  of  turbulent 
flows  with  stable  stratification.  Submitted  to  Phys.  Fluids. 

Zilitinkevich  S.  S.,  and  Esau  I.  N.,  2004:  Resistance  and  heat/mass  transfer  laws  for  neutral  and  stable  planetary 
boundary  layers:  old  theory,  advanced  and  re-evaluated.  Quart,  J.  Roy.  Met.  Soc.  In  press. 

(7)  List  of  participating  scientific  personnel  (showing  advanced  degrees  earned  while  employed  on  the  project) 

Boris  Galperin  -  University  of  South  Florida 

Semion  Sukoriansky  -  Ben-Gurion  University  of  the  Negev,  Israel 

Nadejda  Dikovskaya,  Post-doctoral  fellow,  Ben-Gurion  University  of  the  Negev,  Israel 


Veniamin  Perov  -  Swedish  Meteorological  and  Hydrological  Institute,  Sweden 

Sergej  Zilitinkevich  -  started  working  in  this  project  while  being  Professor  and  Chair  of  Meteorology  and  Head 
of  MIUU  (Meteorology  Institute,  Uppsala  University).  On  1  July  2004  became  Professor  Emeritus  at  Uppsala 
University.  In  2004  was  awarded  the  Marie  Curie  Chair  of  Boundary-Layer  Physics  and  now  is  affiliated  with 
the  Department  of  Physical  Sciences,  University  of  Helsinki,  Finland. 


